Introduction
Today's environmental problems, such as eutrophication, acidification, and global climate change, seriously affect peoples' life conditions and challenge local, regional, national, and international institutions. Since these problems know no regional or national borders, they require cooperation between many actors, operating simultaneously on multiple scales in different policy domains [1] [2] [3] [4] . Moreover, calls for public participation in handling environmental problems are increasingly heard from scientists and policy-makers [5, 6] . This implies that science-based ideas of how to achieve ecological sustainability and measure progress towards a better environment must be communicated within and across the boundaries of society's various sectors as well as to the general public [cf. 7] .
One important aspect of the efforts to achieve environmental sustainability is the assessment of trends in the state of the environment. Such assessments are often carried out with the help of indicators, which should mirror changes in the environment [8] . 1 From the results of science-based assessments, policy makers could decide on new environmental objectives, targets and measures. Assessment results could also result in lay people and NGOs taking action to change unsustainable lifestyles etc. This paper starts from the assumption that different types of indicators have different implications for the public communication and the societal dialogue about the state of the environment and the measures needed to increase ecological sustainability. I argue that there is a need for actors involved in environmental science, policy and management to reflect upon how the choice of particular indicators influences the societal dialogue on science-based environmental policies and measures. This paper will take its point of departure in the Swedish system of national environmental quality objectives. It will discuss how assessment activities may seek to fulfil several different aims, and how indicators for assessment could be used as communicative tools addressing different target groups in different ways. The paper will first analyze different types of aims attributed to the assessment which were found in Government Bills and in interviews with key actors in the Swedish environmental bureaucracy.
Secondly, this analysis will form the basis for a discussion about the implications of using different types of indicators for societal dialogue about environmental goal achievement. However, an introduction to environmental management-by-objectives, in Sweden and elsewhere, will first be provided.
Environmental management by objectives
The present paper concentrates on a specific technique for public environmental management known as management by objectives (MBO). 2 In public environmental MBO, politicians determine environmental objectives and interim targets to be implemented and assessed by civil servants in national, regional, and local contexts [9] . In environmental MBO, scientific knowledge is indispensable in identifying environmental threats and formulating environmental objectives and targets. Furthermore, efforts to monitor and assess environmental trends rely heavily on scientific knowledge of ecological systems and how they interact and change, and on statistical methods for analysing and evaluating data. This paper focuses on the Swedish system of national environmental quality objectives. In Sweden, often cited as a leader in environmental policy and implementation [e.g., 4, 10, 11], efforts to achieve sustainability have been channelled through sixteen national environmental quality objectives to be achieved within one generation (table 1). The objectives are specified through interim targets, which focus on concrete environmental measures, assessable in the short and long terms [12] . In the assessment process scientists and other experts in the environmental administration supply science-based knowledge of changes in trends captured by environmental indicators. This information is evaluated by civil servants at state agencies and subsequently communicated to policy makers. Indicators are selected according to the DPSIR model (Driving forces, Pressure, State, Impact, Response) developed by the OECD [13] . This means that for each objective, there should be an appropriate mix of indicators which should mirror different aspects of the DPSIR model [9] .
The assessment results form the basis of political decisions as to whether to include new objectives or interim targets, or to keep or change existing ones. Moreover, progress towards environmental objectives is communicated to a wider audience via written reports, the mass media, and a public Internet portal in order to encourage more environmentally friendly lifestyles and consumption patterns. Thus, one type of science communication takes place between scientists and civil servants exchanging information about the results of assessing changes in environmental indicators, the methodologies used to achieve the results, and the uncertainties affecting interpretations of the results. Another type of science communication occurs when the results of assessment of progress towards environmental objectives are presented in reports authored by civil servants to members of parliament and the government. A third type of communication occurs when assessment results are presented to the public mainly by journalists/science writers.
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Clean Earlier studies of the Swedish system of environmental objectives [14, 15] have shown that in assessing environmental goal achievement, various actors have divergent understandings of questions as basic as: Why should assessment be undertaken? What should be assessed? How should assessment be done? Who should undertake the assessments and communicate the results, and to whom should assessment results be communicated? This is probably typical when vaguely formulated objectives are implemented in large organizations where actors change over time [16] . Although these questions were thought through and communicated at the launch of the MBO system, they must be kept alive by being discussed and rethought repeatedly. In this paper, I concentrate especially on the why and what questions above, analyzing how the Swedish Government Bills on the environmental objectives present the aims of assessment and how these aims are addressed via a selection of indicators. I also analyze interview data to identify aims attributed to assessment by the respondents.
Methods
Three Swedish Government Bills on the environmental objectives have been published so far [12, 17, 18] . For the purposes of this paper, these bills were analysed by means of quantitative content analysis [19] . All text segments which mentioned aims of the assessment were identified. These segments were subsequently coded and categorized. To ensure reliability, this procedure was undertaken independently by two researchers. Thereafter, a qualitative content analysis was pursued, in which the identified text segments were additionally analysed and interpreted [cf. 20] .
The analyses presented here are also based on data from in-depth interviews and focus groups with civil servants in the Swedish environmental administration and with scientists providing statistical tools and methods for assessing environmental goal achievement. Qualitative interviewing was chosen, since this lets informants elaborate their arguments, and express paradoxes and ambivalence [21, 22] . The informants were selected either because the official internet portal for the Swedish environmental objectives (www.miljomal.nu) identified them as key actors in the production, selection, and/or communication of tools and methods for assessing goal achievement, or because they were acknowledged as experts in one or several of these fields by other interviewees [cf. 23] . In total, 15 interviewees participated in the study ( The interviews and focus group discussions were semi-structured. They lasted 60-90 minutes and were tape-recorded and transcribed. The analytical procedure entailed a thematic content analysis where the data were coded and categorized, and recurrent themes identified [24] . Themes related to the use of indicators and the communication of assessment results were selected for more detailed analysis here. The results of the text analysis as well as the analysis of the interview data will be discussed and interpreted in light of literature from the fields of science communication and environmental management.
Different aims related to the assessment of environmental goal achievement
From the Government Bills and the interview data analyzed for this paper, it was evident that all key actors agree that assessment is an essential part of environmental management-by-objectives. However, there was no consensus about why this is important. When scrutinizing the data, several different aims were found. The analysis of the three Government Bills [12, 17, 18 ] identified a total of 49 text segments related to the purpose of assessment activities. A deeper analysis of these 49 text segments revealed 19 different aims, which recurred in the data (figure 1). The most commonly stated aim was to control trends O.
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Bring about results in the efforts to attain the objectives in the state of the environment (aim A). Related to this was the aim of controlling the efficiency of measures and action strategies (aim H). However, the Bills also emphasized e.g. the importance of assessment activities to identify causes of shifts in trends in the state of the environment (aim K) and to create a system of 'early warning', which may predict future environmental problems (aim L).
In the interview and focus group data, the interviewees also discussed different potential aims of assessment. This occurred at 39 different instances in the data. In total, 19 different aims were identified in the interview and focus group data (figure 1). Some of these aims could also be found in the Government Bills, while a few of the aims were only brought up in the interviews. Like the Government Bills, the focus group and interview data displayed a strong focus on the aim to control trends in the state of the environment (aim A). Nevertheless, the interviewees also often emphasised the importance of selecting indicators for assessment that may serve as communicative tools, i.e. indicators that could motivate actors to take action towards a better environment (aim V). The interviewees also pinpointed that the assessment activities could be used as a tool in the environmental bureaucracy, e.g. to form the basis of regional comparisons (aim Q), to identify relevant action strategies (aim U) or to serve as a planning tool (aim W). When further scrutinizing the aims of assessment activities as stated in the Government Bills and the interview data, it was evident that several of the aims were interrelated and could be grouped into broader categories. The list of potential aims found in the data could be reduced into the following comprehensive categories:
• A controlling aim, where the purpose of assessment is to identify whether the trends captured by environmental indicators are positive and fast enough.
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• A pedagogical aim, where the purpose of assessment is to present information on the state of the environment to motivate different actors to take action towards more environmentally friendly behaviour, and to create opportunities for dialogue between different actors within the environmental administration. 4 • A progressive aim, where the purpose of assessment is to influence future action, e.g. by identifying new environmental risks to be incorporated in the system of environmental objectives and interim targets, or to form the basis of the planning instruments used at different agencies and municipalities. 5 • A reflecting aim, where the purpose of assessment is to deepen the understanding of the system of environmental objectives, e.g. by identifying synergies or conflicts between objectives, between objectives and interim targets, or between environmental objectives and other societal objectives. 6 • A priority aim, where the purpose of assessment is to get an overview of those environmental issues that are of the highest relevance within the environmental bureaucracy, and to balance different objectives (social, economic and ecological).
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• An exploratory aim, where the purpose of assessment is e.g. to identify causes of observed changes in the state of the environment, or to distinguish between anthropogenic and natural changes in environmental trends. . 4 The pedagogical aim could be illustrated by the following quotation from an interview with a civil servant at a Swedish County Board: 'Among others, we decided to produce an indicator covering the hospitalization of kids due to air pollution in the city … And that indicator feels important … it is also a very pedagogical indicator, since even the most indifferent man sitting in his car driving to his technical work can understand that it is not such a good idea to keep building large highways. We have a problem not only with the climate but also with human health'. (Interview 1) 5 One example illustrating the progressive aim is taken from Government Bill 2004/05:150 (p. 383) that: 'The authorities who have special responsibility for particular environmental objectives should develop a system for capturing and analysing deviant information form the environmental monitoring. The Government has asked the Environmental Protection Agency to develop a warning system to evaluate and manage signals of change which could affect the environment and human health. Other authorities should develop similar warning systems within their own environmental monitoring departments' (my translation). 6 The reflective aim could be illustrated by the following example from Government Bill 2004/05:145 (pp. 163-164): 'One important issue in the coming years is to get better knowledge on how the results of the measures taken to achieve the four present interim targets contribute to the attainment of the overarching environmental quality objective Sustainable forests.
[…] Another dimension concerns how the attainment of interim targets contribute to the attainment of other environmental objectives, such as the objective A rich diversity of plant and animal life, which has been suggested by the Government.
[…] Yet a dimension is whether the system of environmental objectives could contribute to attaining objectives in other policy domains, such as forest policy, regional development, cultural policy or public health' (my translation). 7 The priority aim could be illustrated by the following quote from one of the interviews: 'The most important thing [about the indicators] is to raise discussion of various environmental problems related, for example, to climate change, deforestation, and fish depletion. We assess the trends in these areas with several indicators, and the important thing is to understand that they 8 The exploratory aim could be illustrated by the following quote from a focus group discussion: 'What we look at from the part of Statistics Sweden is not environmental data collected in nature, but it is data from the interface between economic activity and environmental impact. We are interested in analysing other types of trends, for instance finding out… climate variation but also other things such as how market conditions change or prices change. Those are explanations that are important in relation to measures, for instance to decrease carbon dioxide emissions. If consumption increases and people buy products from some place else, emissions will increase despite of the measures taken. These are the types of issues we are working on. We try to find methods to better mirror such correlations.' (Focus group 2).
Implications for the societal dialogue
In the previous section I outlined six categories of aims that could be fulfilled through the assessment of environmental goal achievement. In the following I will reflect upon each of the aims in turn. For an overview of the different aims and their implications, see table 3. My reflections start from the assumption that each of the different aims identified in the Swedish Government Bills and interview data on the environmental quality objectives have different implications in terms of how they could bring about societal dialogue. For instance, while the controlling aim, the pedagogical aim and -to some extent -the progressive aim are described in the data as involving communication with the general public, the other aims are mainly claimed to facilitate efforts within the environmental bureaucracy to attain the objectives. Nevertheless, as argued below, there could be reason to discuss public communication also in relation to the priority aim and the exploratory aim.
Aim
Main Table 3 . Overview of aims attributed to the assessment of environmental goal achievement and their implications for societal dialogue.
The controlling aim
The controlling aim is what much MBO literature describes as the main aim of assessment [e.g. [25] [26] [27] . In order to control whether or not the objectives will be achieved within the stipulated time frame, the controlling aim privileges natural science-based, measurable indicators that could reflect trends in the state of the environment. The main target group for communicating results would be policy makers, who use the assessment results as a basis for decisions on which objectives to keep, change, omit or add. In the Swedish system of assessment, results are presented in the form of red, yellow or green 'smilies', indicating whether the objectives will be attained within the given time frame, will be attained with additional effort, or will not be attained at all even if extra measures are taken [28] . The results of the assessment are also communicated to the public via media reports. The system of smilies means that complex scientific information is reduced into a simple, clear-cut message, leaving very limited room for communicating the uncertainties inherent in the assessment. 9 The idea here would be to present a clear message to policy makers and the public according to a 'separation model' for communication, which means that the expert arena is separated from other societal arenas in evaluating the scientific uncertainties related to the assessment of whether the objectives will be attained or not [15] . The public and the policy makers are perceived in this model as lacking the time, interest, and knowledge to reflect on the uncertainties involved. Pedagogical skills would thus be required from actors in the expert arena, who need to present a clear message as regards assessment results without going into details related to data uncertainties. However, there are also attempts to incorporate uncertainties in the system of visualizing goal attainment, e.g. by adding evaluations of the certainty of the data underlying the smilies [30] . This means that the communication follows an 'integration model', in which uncertainties and differences in scientific methods and interpretations are transparently discussed in the expert as well as the practitioner and the policy arenas [15] . In this model, lay people will be treated as active coconstructors of knowledge rather than as passive recipients.
The pedagogical aim
The interviewees in the present study repeatedly emphasized the need for privileging indicators with a high communicative value, rather than those indicators most obviously corresponding to the objectives and targets. This idea reflects a deliberative ideal, where the public is supposed to take active part in the political -and sometimes also scientific -process related to the environmental objectives [cf. 6, 31] . The deliberative model presupposes active lay people, who want to engage in science and policy discussions and to take active part in policy processes. Only when different groups of stakeholders, including the general public, have been properly involved in policy processes are they considered to be legitimate [31] .
To fulfil the pedagogical aim those indicators are selected which are perceived to motivate the public and policy makers to take action towards lifestyle changes and to prioritize measures towards the achievement of the environmental objectives. Deliberative ideas could be seen as drawing on an integration model for communicating uncertainties related to the assessment process and results [15] . According to this model, policy makers and civil servants involved in the system of environmental objectives in different sectors need to be informed not only of the results of relevant assessments, but also of underlying uncertainty and methodological choices, and take part in discussions of how to interpret and handle these uncertainties. In a wider perspective, communicating from the integration model means that also in assessment reports directed to the public, uncertainties should be highlighted. Earlier studies have demonstrated that when it comes to complex issues with no certain answer, openness about uncertainties could help raising public trust in society's institutions [32, 33] .
The progressive aim
The progressive aim implies that indicators are selected according to the principle of 'early warning', i.e. that new environmental threats should be identified as early as possible and incorporated in the system of environmental objectives. The progressive aim is well suited to the organization of the Swedish system for environmental monitoring, with the Environmental Protection Agency as responsible for identifying environmental threats to be dealt with in the system of environmental objectives [34] . Achievements towards the progressive aim should thus be communicated from scientists and civil servants in the environmental bureaucracy to policy makers. This information may subsequently be fed into the formulations of new environmental objectives and interim targets. In this respect, the main target groups for communication would be actors in the environmental bureaucracy and policy makers. However, I argue that indicators fitting the progressive aim could, in an indirect way, also be used as tools for communicating with the public. Media interest in the results of the assessment of progress towards environmental objectives has so far been relatively low, since few changes in the state of the environment are detectable from one year to another [35] . However, stories of new environmental threats are likely to fit the media logic [36] . Increased media attention to the environmental objectives could spur public interest and drive public opinion, which in its turn may influence policy.
The reflecting aim
When selecting indicators that correspond to the reflecting aim, the target group would be civil servants in the environmental bureaucracy. Here, the important thing is not to identify indicators which could appeal to a broad audience, but to select those indicators which could support the internal dialogue within the environmental administration. Since the system of environmental objectives should influence all societal sectors [12] , there is a need for assessments of whether or not the environmental objectives support other societal objectives, or if there are conflicts between e.g. environmental objectives and objectives related to economic growth and employment. Earlier studies have shown that the Swedish system of environmental objectives tend to be perceived by many of its key actors as a hierarchical system, where actors are located 'up' or 'down', struggling to 'reach out' to actors at other levels of the system [37] . In my view, indicators selected to facilitate reflection on how different objectives and targets are related could be helpful to bridge the gap between actors in different societal sectors, but also between actors located at different administrative levels of the environmental bureaucracy. In this respect, indicators designed to fulfil a reflective aim could serve as important communicative tools in the efforts to integrate environmental policy into other policy areas [cf. 4] .
The priority aim
The priority aim is related to the reflecting aim in the sense that assessments demonstrating conflicts between objectives need to be followed by discussions about how to make priorities between different objectives. Indicators designed to fulfil the reflecting aim could thus also be used to stimulate discussions about priorities within the system of environmental objectives, as well as between environmental objectives and objectives in other policy arenas. The target group for communication is thus broadened to include both civil servants in the environmental administration and policy makers. Moreover, I argue that the target group for the priority aim of assessment could be further extended to include the general public. Since discussions about how to prioritize between different objectives in society concern a large number of stake-holders, including the public, such deliberations could benefit from involving an 'extended peer community' [5] consisting of a variety of social actors.
Communication between civil servants, policy makers and other stake-holders about how to prioritize would in my view benefit from using the integration model for communicating uncertainties stemming from data collection and analysis. It has been noted that failure to properly address such uncertainties may endanger the design and implementation of sustainability measures. The uncertainty of knowledge may also be misused as an argument for politicians to employ a 'wait and see' strategy, thus postponing activities directed towards sustainability. On the other hand, if handled in a wise manner, uncertainty may allow for learning processes and deliberations about how the future could be shaped as well as motivating actors to work according to self-defined goals [29] -in other words, the priority aim could be strengthened by open discussions about the consequences of uncertainties.
The exploratory aim
The exploratory aim is driven by scientific curiosity, the results of which could be applied in identification and revision of environmental objectives and targets. Here, scientists could identify causes for trends in the state of the environment or try to separate natural causes from anthropogenic ones. They could also scrutinize the validity of long time-series which are used in environmental monitoring [for an example, see e.g. 38]. The main target group for the results of such assessment would be scientists. Hence, discussions about uncertainties with an exploratory aim could mainly be reserved for the scientific community, in line with the separation model for communication. Nevertheless, in the data analysed for this paper, it was apparent that civil servants in the environmental administration could also benefit from the exploratory aim and forward the results of such assessments to policy makers to be incorporated in the formulation of new objectives and policies. In that case, the integration model for communicating uncertainties could be applicable.
It would be fruitful to explore how different stakeholders, including the general public, could be involved in 'upstream' engagement in the formulation and attainment of environmental objectives [cf. 39]. The 'upstream' approach involves different stakeholders early in the scientific process, which would mean extending the target group for the exploratory aim to include e.g. the general public. According to its proponents, an upstream approach could forge a democratic approach to the governance of science [40] . Upstream dialogue could also enhance trust in the policy-making process and generate better quality outcomes [39] . However, there is also a risk that calls for upstream engagement in science end up as yet an expression of the deficit model of science communication, only with the exception that the focus is moved from a perceived deficit of public understanding of science to a deficit of public engagement with science [39] . Hence, more research is needed on if, when and how it would be fruitful to include the public in the target group for the exploratory aim.
Concluding reflections
This paper set out to discuss the implications of different aims of assessing progress towards environmental objectives, in terms of how indicators for assessment could be used as communicative tools addressing different target groups in different ways. The Swedish system of environmental quality objectives actualises the importance of reflecting upon how different aims of assessment bring about different opportunities -and constraints -in terms of communication to different target groups. This is a type of analysis, I would argue, that could be undertaken when designing communication strategies in any MBO-system.
In environmental management, indicators are often selected with reference to the DPSIR model, capturing aspects of driving forces, pressure, state, impact and response [13] . However, indicators are powerful communicative tools, highlighting those aspects of an environmental objective where actions will be taken [41, 42] . Thus, I argue that it is also important to evaluate environmental indicators on the basis of their communicative potential. This paper has demonstrated how science-based assessment of progress towards environmental objectives may fulfil different aims. Each of these aims could be linked to particular types of indicators, as well as to particular ideas of how to communicate uncertainties, and to particular views of the role of the public in the system of environmental objectives. Furthermore, it has been argued that different types of indicators suit different target groups.
It is worth noting that the presence of multiple aims of assessment found in the data was problematized neither in the Government Bills, nor by the interviewees. In my view, this could constitute a problem to successful societal dialogue about environmental policies and measures. Assessment can well serve several purposes simultaneously. Nevertheless, I argue that if this agenda is not clearly communicated and understood by those involved in assessment procedures, assessment could be perceived as expensive and time consuming without adding enough new knowledge (given its perceived aims). This could lead to a loss of commitment from actors in the environmental objectives system, threatening the success of the MBO endeavour [cf. [43] [44] [45] . Thus, communicators in an environmental MBO system face the challenges of clarifying parallel assessment aims and the kinds of knowledge and expertise needed to achieve those aims, and of clarifying the kinds of results expected, for example, in terms of controlling progress in the trends captured by environmental indicators or in terms of increased public awareness of environmental issues.
In science communication, there is a current focus on 'dialogue' as key to boosting interest in science and technology [46] . 'Dialogue' is also a key concept in improving environmental policy-making processes by involving multiple stakeholders, including the public, in deliberations about how to achieve a sustainable future [e.g., 6]. One promise of the Swedish system of environmental objectives is claimed to lie in its ambitious goal of integrating lay people and actors in different societal sectors, political parties, and organizational levels of the environmental bureaucracy in efforts to achieve the same objectives [4] , objectives based on scientific arguments about what to protect and how. For this to become reality, I argue that it is important that communication strategies be developed in organizations involved in the environmental MBO system, strategies enabling participation and dialogue between lay people, scientists, civil servants, and policy makers in different societal sectors and between actors at different levels of the environmental bureaucracy. I conclude that in the endeavour of developing such communication strategies it could be helpful to systematically analyse the communicative implications of different assessment activities. Paying attention to how different types of indicators suit different aims of assessment, and to which target groups that will be affected by the different types of indicators, could be one way of facilitating the dialogue that is needed to involve as many actors as possible in efforts to achieve a more sustainable future.
